Abstract: Assessment of the impact of pharmaceutical residues on living organisms is very complex subject. Apart from taking into account the toxicity of individual compounds also their presence in mixtures should be taken into account. In this work, attempts were made to assess the ecotoxicity of biologically active substances (with 50 % effective concentration (EC50) values growing from fluoxetine (EC50 = 4.431 nM) >> gemfibrozil ≈ 17α-ethinylestradiol ≈ ketorolac > indomethacin > theophylline ≈ progesterone > naproxen ≈ trypsin > 2-(2,4,5-trichlorophenoxy)propionic acid > chloramphenicol > acetylsalicylic acid > ibuprofen > ketoprofen > 19-norethindrone to bezafibrate as the least toxic drug among studied ones) to the ISO standardized Ostracodtoxkit F TM bioassay. The Ostracodtoxkit F TM was proven to be very sensitive tool with respect to responding to presence of pharmaceuticals. Results of studies justify the statement that more research is needed in field of assessment of chronic exposure to pharmaceuticals and other newly emerging pollutants especially when they are present in complex mixture.
Introduction
Among all inorganic and organic pollutants present in the environment, pharmaceuticals are becoming a serious problem due to their increasing amount and bioaccessibility. In recent years many studies have shown that pharmacological substances are present in environment at the measurable level [1] [2] [3] [4] [5] [6] [7] [8] . It is estimated that in the European Union (EU) countries about 3000 substances are used as medicine including antibiotics, analgesics and anti-inflammatory drugs, beta-blockers, contraceptives, lipid regulators, neuroactive compounds and many others. In addition to medical purposes many biologically and endocrine active substances are also used in veterinary medicine [9, 10] .
For certain and most frequently applied drugs the continuous monitoring and statistical documentation is preformed (statistics may vary depending on the list of drugs and the law in force in a given country), and so for the class of non-steroidal anti-inflammatory drugs (NSAID) including acetylsalicylic acid, paracetamol, ibuprofen and diclofenac (consumption of these drugs in Germany reached, respectively, 836.3, 622.0, 345.0, 35.1 Mg), naproxen (e.g. 35 .07 Mg per year in England in 2000) and the antiepileptic carbamazepine (e.g. 88 Mg per year in Germany 2001) [9] . As a result of considerable consumption (some of these drugs are commercially available without a prescription -so called over the counter drugs) they may exist in the environment at high levels. The presence and the stability of drugs in the environment is related to theirs pharmacokinetics (metabolism, half-life, urinary and fecal excretion etc.) and environmental conditions [11, 12] .
Literature data concerning concentration levels and properties of selected drugs present in the environment are summarized in Table 1 . The data indicate that residues of pharmaceuticals can be found in all water compartments: the wastewater (both in influents and effluents), surface waters and even in drinking water. Even most modern sewage treatment plants are unable to cope with the accumulated quantities of pharmaceuticals in waters.
Despite the constantly increasing number and amount of drugs reaching the environment their fate and way of affecting the organisms inhabiting ecosystems is still not fully understood -mainly due to synergic, antagonistic or additive character of interactions occurring between the chemicals [13, 14] . There are gaps in knowledge on toxicological studies from the clinical trials of drugs and ecotoxicological studies (after they reach the environment). The aim of this study presented was to determine the 50 % effective concentration (EC 50 ) and 50 % lethal concentration values (LC 50 ) of selected substances to aid performing environmental risk assessment with respect to pharmaceuticals residues toxicity to higher organisms and environmentally stated concentration levels.
Materials and methods

Chemicals, reagents and instruments
Compounds of analytical purity grade: 2,4-dichlorobenzoic acid, 2-(2,4,5-trichlorophenoxy)propionic acid, 17α-ethinylestradiol, 19-norethindrone, acetylsalicylic acid, bezafibrate, caffeine, chloramphenicol, fluoxetine hydrochloride, gemfibrozil, indomethacin, ibuprofen, ketoprofen, ketorolac tris salt, naproxen, progesterone, trypsin and theophylline were purchased from Sigma-Aldrich (Germany). For assessing EC 50 and LC 50 parameters of easily soluble compounds (trypsin, theophylline, HEPES, fluoxetine hydrochloride, 2,4-dichlorobenzoic acid, acetylsalicylic acid, ketorolac tris salt, chloramphenicol) the standard solutions were prepared and studied. Insoluble compounds were weighed in proper amounts and added to the wells in the test plates in mass ratios (also mixed in sediment volume) and for this reason results for these analytes toxicity studies are given in mmol/kg. Sediments in test plates were spiked with proper nominal amounts of chemicals on the 0 th day of performing the test, equilibration time was 4 hours.
The Ostracodtoxkit F TM chemicals and utensils (vials with algal food for chronic toxicity tests and matrix dissolving medium, Spiruline, 6-well test plates, certified reference sediment, certified dormant eggs of Heterocypris incongruens) were purchased from MicroBioTests Inc. (Belgium). The instruments and equipment used during the study were: a) electronic pipettes (Rainin, Eppendorf, Germany), b) analytical balance from Radwag (Poland), c) CP411 Metron pH-meter, d) binocular from Ceti NV (Belgium).
The basic characteristics of the standard sediment was as follows: OC < 1 %, Mg 2+ 1.12 mg/kg, and Ca 2+ 54.36 mg/kg. Distilled water was used instead of standard EPA medium because the standard solutions were prepared in such water; thus, all tests were run at approximately the same ion strength and osmotic pressure. 
Methodology of Ostracodtoxkit F TM
As the spectrum of microbiotests available to assess the quality of soils or sediments is much narrower than that for water, the possibility of using H. incongruens as a direct contact test to determine the toxicity of soils and sediments contaminated with pharmaceuticals and their residues is very valuable. The applicability of Ostracodtoxkit F TM is being proven by an increasing number of studies and manuscripts undertaking the problem of toxicity assessment of different environmental compartment with given bioassay. The Heterocypris incongruens are small organisms living in the bottom area of seas and fresh-water bodies. Due to their high sensitivity to the presence of organic contaminants as well as heavy metals they show high usefulness in the monitoring of the degree of contamination of waters and bottom sediments. The extended duration of the test (6 days) makes it possible to assess the disadvantageous biological effects related to long-term exposure of the organism to xenobiotics and assess the exposure occurring at various developmental stages, from the larval stage to a mature specimen. The toxicity level is determined on the basis of observing two effects, including inhibition of the rate of growth and determination of the mortality of organisms as a result of contact with harmful agents. Figure 1 presents a diagram of the analytical procedure used to estimate the level of chronic toxicity. The toxicity parameters EC 50 and LC 50 were evaluated applying Ostracodtoxkit F TM bioassay that was purchased from Microbiotest Ltd. (Belgium). The tests were run according to a slightly modified version of the original procedure that had to be adapted to the conditions of the toxicity determinations described in [31] . The experiments were carried out in triplicates for all studies with solutions of varying concentrations of a drugs in standard sediments. The test was considered to be performed correctly if the mortality of the reference sediment organisms was < 20 % and if the mean length increment was > 400 μm. This requirement was fulfilled in all the experiments. The experimental data were analyzed by regression analysis following logarithmic transformations and EC 50 /LC 50 values were expressed as toxicant concentrations. After range finding tests proper experiments were carried out to produce linear dose-response curves for particular chemicals.
Results and discussion
In Table 2 values of EC 50 and LC 50 determined in the present study for soluble substances while in Table 3 for insoluble chemicals are given together with their comparison to literature data for other bioindicating organisms. As already stated in case of water insoluble substances the final EC 50 and LC 50 data are expressed in relation to sediment content. It is significant in case of using given organism in environmental risk assessment of poorly soluble drugs residues. It was shown that the most toxic (under conditions of study) after 6 days of experiment was highly soluble fluoxetine ( 50 and LC 50 , respectively). Interestingly, difference of potential small difference of concentrations divides possibility of inhibiting the growth of Heterocypris incongruens from lethal values -in cases of fluoxetine and gemfibrozil these differences are very narrow what underlines high environmental risk of these substances when present in the environment. The Ostracodtoxkit F TM was noted to be at least 4 times more sensitive (e.g. in case of 17α-ethinylestradiol) than in case of other bioassays like those using Daphnia sp., Hyalella azteca, or even Dunaliella tertiolecta algae -which are generally recognized as sensitive organisms. It may be result of H. incongruens's habituationfeeding in the borderland between sediments/soils and close-to-bottom water what makes it prone to both soluble and insoluble pollutants reaching its body with gastrointestinal tract. As can be seen presence of water insoluble chemicals (e.g. bezafibrate, gemfibrozil, indomethacin or naproxen) would almost not be notified with other crustaceans. Anti-inflammatory drugs appear to have low impact on Heterocypris incongruens (under conditions of performing given research).
Summarizing, among most potent substances tested in the current research one can mention (in the order of increasing EC 50 to the bioassay organism): fluoxetine >> gemfibrozil ≈ 17α-ethinylestradiol≈ketorolac > indomethacin > theophylline ≈ progesterone > naproxen ≈ trypsin > 2-(2,4,5-trichlorophenoxy)propionic acid > chloramphenicol > acetylsalicylic acid > ibuprofen > ketoprofen > 19-norethindrone > bezafibrate. Barilius rerio (fish) LC50 (48 h) = 378 mg/dm 3 [33] # -impossible to determine (> 1 mM), "-" -data not available, d -days, h -hours 
Conclusions
Even brief literature search enables statement that there is a huge gap in the exotoxicological datasets reflecting the chronic sensitivity of bioassaying organisms to organic pollutants of pharmaceutical character. By many it can be considered as drawback of using chronic assays in ecotoxicological studies. Fortunately, studies in this field are being more and more often performed and new data is available for researchers. It helps elaborating modelling data/formulae and reference values in case of preparing standard models trying to reflect anthropogenic impact on the surrounding environment.
The promising fact on applicability of ISO standardized Ostracodtoxkit F TM is that it was proven to be more sensitive in comparison to other reviewed organisms while the problem of bioactive chemicals present in the environment keeps and will keep growing due to insufficient removal processes. For ecotoxicological researchers these values are not surprising due to both longer time of exposure of H. incongruens (what can be translated in more rational way to reflect toxicological threat posed to mammals etc.) and more active uptake of pollutants present in feed and sediments due to presence of gills and gastrointestinal tract. The next steps of utilizing Ostracodtoxkit F TM should be directed to determining interactions occurring between chemicals under real environmental conditions in case of their co-presence and varying physicochemical parameters, the problem should be addressed in the nearest future for selected biotests (including Ostracodtoxkit F TM ) as the problem of pollution with pharmaceuticals residues will be of growing concern [14] .
